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INTRODUCTION 
In the search for a better understanding of the growth and 
physiology of the living organism, mitotic activity has been 
studied in a wide variety of tissues. Investigators have 
sought to determine if a circadian mitotic rhythm exists in 
various tissues and organs. The establishment of such a rhythm 
can be an important first step in the further determination of 
factors which alter, inhibit, or accelerate mitotic activity. 
A more complete understanding of the complexities controlling 
mitotic activity and their relationship to the 24 hour cycle 
should lead to a greater understanding of basic growth phenom-
enon. 
Early workers such as Carlton (19JJ) and Blumenfeld (1939) 
investigated mitotic activity in the epidermis of mice. Bul--
lough's studies (1948) were more extensive and included not only 
the epidermis of mice but also the esophagus, duodenal mucosa, 
and the epididymis. Leblond (1955) extended studies on diurnal 
cell division to the rat urinary bladder with the aid of 
colchic1nc. Simmons (1962) included hard tissues when he in-
vestigated diurnal mitotic activity in the epiphyseal cartilage 
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of the femur and tibia of mice. 
In regard to oral tissues, there have been a number of 
studies which have shown cyclic mitotic activity in the peri-
dontium. The epithelial attachment, free and attached gingiva, 
alveolar mucosa, retromolar epithelium, and the periodontal liga-
ment have been shown to possess rhythmic cell proliferation 
(Muhleman, 1954; Halberg, 1954; Trott and Gorenstein, 1963; 
Irons, 1968; Hirt, 1955; Meyer, 1956). However, investigations 
on the possible existence of circadian rhythmicity in the 
tissues of the teeth themselves are almost non-existent. More-
over these few studies have not taken tissue samples over an 
entire 24 hour period. 
It is our purpose in undertaking this study, therefore, 
to investigate the normal mitotic rhythmicity in the cervical 
(proliferating) loop area of the rat maxillary incisor over a 
24 hour period. It is strongly felt that the information 
gathered will greatly aid in our understanding of the basic 
growth processes of the rat incisor as well as to provide 
pertinent information which can be utilized to learn more about 
the causes of tooth eruption. 
The rat incisor is an excellent tissue in which to study 
cell proliferation because of continuous growth at its basal 
region. It is known that both the ameloblasts and odonto-
blasts have their origin at the base, proliferate, oifferentiatel 
J 
and migrate in the direction of the incisal edge as they assume 
their functional role. This sequence of events can readily 
be appreciated by observing the labial aspect of a mid or para-
midsagi ttal section through a rat incisor. Thus the continu-
ously growing incisor of the rat provides a singularly suitable 
object for the study of cellular proliferation, growth and 
differentiation. 
REVIEW OF LITERATURE 
A. Circadian mitotic activity in non-oral tissues 
A number of investigators have observed a mitotic rhyth-
micity in various tissues and organs. Carlton (1933) undertook 
the study of periodical mitotic division in the epidermis of 
the mouse. He found a definite rhythm although the period of 
maximum mitotic division varied. Cooper and Schiff (1938) 
investigated mitotic activity in the human epidermis. They 
reported mitotic activity to be highest at 9 p.m. and lowest at 
10 a.m •• Blumenfeld (1939) conducted similar studies utilizing 
the epidermis of the rat. The animals were killed at 2 hour 
intervals over a 24 hour period. The mitotic activity was ob-
served to be almost 4 times greater between 8 a.m. and 2 p.m. 
than during the rest of the 24 hour period. Blumenfeld (1942), 
in a similar study, obtained 96 male, albino rats and at 28 
days of age killed 8 animals every 2 hours over a 24 hour period 
Mitotic activity was studied in the submandibular gland and a 
significant dimunition in rate occured at 2 to 4 a.m. with a 
fairly constant level existing during the remainder of the 24 
hour period. In comparing the mitotic activity in the sub-
mandibular gland, epidermis, and renal cortex, it was found that 
each organ exhibited a different form of periodicity. The 
epidermis showed minimal activity at 6 to 12 p.m. and maximal 
4 
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activity at 8 to 10 a.m •• The rPnal cortex showed minimal 
activity at 10 to 12 p.m. with maximal at 2 to 4 p.m ••. The sub-
mandibular gland showed no significant peak in mitotic activity. 
A conclusion drawn by the investigator was that mitosis is 
stimulated by factors acting on or rP-siding within the. organ as 
a unit. 
Bullough(l948) studied the diurnal mitotic cycles in the 
ear epidermis of adult male mice. This was accomplished by the 
taking of ear clips from 5 mice at 2 hour intervals throughout 
24 hours. A considerable degree of individual variation was 
found, but on the average the maximum mitotic activity was noted 
at 6 a.m. and 2 p.m. and minimum at 10 a.m. and 8 p.m •• A study 
was also included correlating spontaneous bodily activity of the 
mice throughout the 24 hour period with epidermal mitotic acti-
vity. The conclusion drawn was that mitotic activity increases 
in resting animals and decreases in active animals. A similar 
diurnal mitotic acttvity was also noted in the mid-dorsal epi-
dermis, esophogus, epididymis, and duodenal mucosa. Mitotic 
activity in the intestinal lymph nodes and testes showed no 
diurnal tendancy, rather continuing at· a high rate both day 
and night. The author concludes from his studies that the 
precise form of the diurnal mitotic activity in any mouse or in 
any colony of mice is not fixed but determined by such variables 
as sex, age, lab routine, and periods of rest and exercise. 
Leblond et al. (1955) studied the mitotic activity of the 
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urin~ry bladder epithelium by treating 48 male rats with 
colchicine. A single dose of colchicine (0.1 mg/lOOgm) was 
injected into 4 groups of 12 animals each at 7 a.m., 12 noon, 
7 p.m. and 12 midnight respectively. Each group was divided 
into 3 subgroups in which sacrifice occurred 2, J, and 4 hours 
after colchicine administration, Mitotic activity was found to 
be subject to diurnal variation with peak activity at 12 noon 
and depressed activity at 12 midnight and 7 a.m. 
Vasama and Vasama (1957) investigated the corneal epitheli-
um in normal and hydrocortisone treated mice. Their controls 
showed a maximum number of mitoses at 8 a.m. and a minimum at 
8 p.m. while the treated group revealed a peak at 4 and 8 a.m. 
with a low at 10 p.m. Both groups showed a greater mitotic 
activity bet~een 2 a.m. and 2 p.rn. than between 2 p.m. and 2 a.m. 
Bullough (1961) concluded from an extensive review of 
studies completed by him and other workers the following facts 
concerning causes which control and influence mitotic activity. 
Nutrition: abnormal diets may strongly influence the 
mitotic rate, but it is improbable that well-fed and healthy 
animals ever suffer from any shortage of raw materials for the 
construction of new cells. 
Respiration: the ability of cells to enter mitoses is 
closely dependent on the establishment of an energy store 
sufficiently large to satisfy the needs of the cell throughout 
the whole mitotic process. Most tissue cells are only able to 
b 
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provide sufficient energy by aerobic means since in anaerobic 
conditions mitotic activity ceases. It still remains t~at in 
a normal, healthy mammal the supply of the basic raw materials 
for that energy production is always fully adequate to support 
cell division. 
Hormones which stimulate mitotic activity: In physiological 
concentrations the growth hormone, the gonadotropins, the 
androgens, thyroxin, and insulin all seem to stimulate mitotic 
activity. The growth hormone stimulates mitosis in the islets 
of Langerhans, in the adrenals of hypophysectomized rats and in 
regenerating liver in partially hepatectomized rats. The 
normalcy of their reactions is not known, but it seems certain 
that increased mitotic activity is usually induced by prolactin 
in the pigeon crop and by thyrotropin in the thyroid. In a . 
similar manner there is strong evidence that the androgens and 
estrogens secreted by the gonads in response to the gonado-
tropins also cause an increase in mitotic activity. In so far 
as thyroxin and insulin are concerned, it appears that they 
are important only to ensure the balanced working of the general 
metabolic complex. It is certain, however, that all hormones 
stimulating mitotic activity are tissue specific and possess 
no general influence on mitotic activity. 
Hor~ones which inhihit mitotic activity: two groups of 
hormones have an i.nhibitory effect on mitotic rate, gluco-
corticoids of the adrenal cortex and adrenalin and noradrenalin. 
8 
The least active inhibitory hormone is the glucocorticoid, 
causing mitotic depression in the epidermis and sebaceous glands 
with no effect on growing hair and lymph nodes. Adrenalin and 
noradrenalin are the most capable mitotic inhibitors. It is 
also known that excitement is accompanied by a reduction in 
mitotic activity and that the inhibition is quickly reversed 
when stress is relieved and adrenalin reduced. It is therefore 
suggested that stress may provide the basis for the diurnal 
cycle of mitotic activity. Adrenalin secretion varies from 
hour to hour in both men and animals, the rate being lowest 
during rest and sleep and highest during muscular exercise and 
emotional stress. It has been demonstrated that the diurnal 
mitotic cycle is eliminated in adrenalectomized mice. It is 
noted however that the degree of inhibition is different in 
different tissues. Therefore, as is ·the case of mitotic stimu-
lation, neither adrenalin nor noradrenalin possess any great 
general antimitotic power, but rather are partly tissue specific. 
Factors controlling mitotic activity: The actual factors 
which control mitotic activity reside within the specific tissue 
cells. Since the cells of most tissues are capable of indefinite 
growth and mitosis, the control mechanism must be anti-mitotic. 
Differentiated cells thus may have only two courses open to it: 
it may continue to manufacture its own specialized proteins or, 
if the inhibitor concentration drops, it may revert to the 
manufacture of those proteins necessary for ~itosis. Thus 
~ 9 
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the primary action of a mitotic inhibitor may in fact be the 
stimulation and maintenance of differentiation. 
Simmons (1962) maintained Jl young mice under controlled 
conditions of temperature and light for a 9 day period. 
Colchicine was injected 7 hours before death. The epiphyseal 
cartilage of both femur and tibia was stud~ed in 15 day mice 
(sacrificed between 2 and 10 a.m.) and 15 night mice (sacrificed 
between J and 11 p.m.) in order to determine diurnal periodicity. 
~ore mitotic activity was found in the day mice than night mice, 
and the growth rate of this cartilage was found to be approxi-
mately 25% greater during the day. The author indicated that 
a diurnal periodicity exists for the cells of the young, arow-o • 
ing epiphyseal cartilages of mice; however, it is impossible to 
estimate the actual hour of maximum and minimum proliferative 
activity since colchicine operates to arrest the cells in 
metaphase. Simmons (1964) in a later investigation utilized 
the proliferating chondrocytes of the distal epiphyseal carti-
lage of the rat femur for the study of mitosis. He found a 
different periodicity in this tissue with maximum activity at 
6 p.m. and minimum at 2 a.m. 
Timashksvich (1963) studied diurnal cell division in the 
pyloric and fundic portions of the rat stomach and noted a 
peak proliferative activity at 10 a.m. and 7 p.m. with a low 
at 1 a.rn. and 1 p.m. 
Llanos and Piezzi (1963) investigated mitosis in the 
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ma~nary glands of mice. They found the maximum number of 
mitoses during the light (6 a.m. to 6 p.m.) and the minimum 
during the dark period (6 p.m. to 6 a.m.). When the light-
dark conditions were reversed, the high-low periods of mitotic 
activity were also reversed. 
Alov (1963) reviewed a number of investigations completed 
by him and his Russian associates which were designed to shed 
light on the mechanisms of the 24 hour mitotic rhythmicity ob-
served in the epithelium of the cornea, tongue and esophagus. 
In the first experiment, white mice were used to study mitotic 
activity during the 24 hour period with a natural and modified 
periodicity of light. The results showed that ·the reversal of 
day and night led to a complete reversal of the 24 hour period-
icity of mitosis in all tissues. In another study, it was found 
that removal of the adrenal and thyroid glands did not abolish 
the 24 hour variations in mitotic activity. However, the range 
of variation in mitotic activity between the morning and evening 
hours was slightly decreased in some cases. In hypofuction of 
the thyroid gland, the range of variation of mitotic activity 
was decreased. It was felt, therefore, that the adrenal and 
thyroid glands are concerned to some extent in the mechanism of 
the 24 hour mitotic rhythm, but that their role is not decisive. 
In other experiments motor activity was correlated to 
mitotic activity. It was found that following muscular work 
I 
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the mitotic activity decreased 45 minutes after work startert. 
After l~-6 hours the intensity of cell di vision reached normal 
levels. The sa~e type of experiment was carried out using 
adrenalectomized mice. In this case the decrease in mitotic 
activity didn't become obvious until 2 hours after the begin-
ning of muscular_ work. The conclusion drawn was that the initial 
inhibition of mitosis during muscular work is probably associated 
with increased liberation of epinepherine. The subsequent in-
hibition of mitosis is probably associated with other factors 
such as the metabolic products of working muscle. In several 
other studies in which feeding patterns, kidney function, and 
ACTH administration ~ere controlled, it was found that an in-
verse relationship existed between mitotic activity and the 
functional activity of the kidney, alimentary tissues and th~ 
adrenal glands. In other studies unilateral extirpation of a 
kidney, or submandibular gland resulted in an hypertrophy and 
increase in cell division of the remaining organ. A signifi-
cant observation was also made that proliferative activity in 
the epithelium of the cornea, tongue, and esophagus was accom-
panied by an increase in the RNA and DNA content of the cells. 
B. Circadian Mitotic Activity in Oral Tissues 
A few investigators have concentrated on the study of 
cyclic mitotic activity in oral tissues. Henry (1952} was one 
of the earliest investigators to consider this phenomenon. 
Eighty biopsy specimens were taken from the buccal mucosa of 
,....-r---------------------------------, 
12 
54 New Zealand white rabbits 3~ mon~hs of age. Twenty-one 
rc:.boi ts were given a single intraperi toneal injection of 1 mg/kg 
of colchicine. The remaining JJ animals were not given colchi-
cine. Biopsies of the normal were taken at 8 a.m., 1 p.m., 
10 p.m., and 2 a.m. The peak in mitotic index was found at 
1 p.m. and the least at 10 p.m. The average mitotic index was 
5.1 with a range from J.8 to 7.2. Biopsy specimens were taken 
from the colchicine group every 6 hours starting at 11 a.m. 
Sections from these rabbits showed that within a period of 6 
hours different areas of the epithelium participated in mitotic 
activity. Comparison of the mitotic index in colchicine treated 
specimens with that of normal specimens indicated that the 
epithelial cells enter mitosis at the rate of 0.48 % per hour. 
Sixty percent of mitoses in the normal specimens occurred in . 
the basal layer. The remaining 40% were found in the stratum 
spinosum. 
Muhlemann et al. (1954) studied 31 black rats maintained 
in single cages at a temperature of 79° + 2° F. Feeding and 
cleaning of the ani~als was limited to JO minutes at 5:JO p.m. 
everyday, and artificial light was turned on at 6 a.m. and off 
at 6 p.m. 15 rats were sacrificed by decapitation at 6:35-
8:48 a.m. (day rats) and 15 at 9:21-11:56 p.m. (night rats). 
Prior to killing rectal temperature and number of blood 
eosinophils we?-'' determined. Slides were then prepared and 
mitotic cells ~~-e counted in the retromolar mucosa and the 
~-------------------------, 
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connective tissue of the periodontal ligament. The findings 
showed a high rectal temperature in the night rats with a low 
eosinophil and low mitotic rate. The results were reversed in 
the day rats. In both groups of rats, significant incidental 
findings showed an increase in the mitotic rate of the perio-
dontal ligament adjacent to alveolar bone compared with the 
rest of the periodontal ligament. The investigators also noted 
an accumulation of mitotic cells in certain areas around molar 
roots which perhaps suggested a functional relationship, ie 
mitotic cell accumulation in areas of occlusal wear, eruntion, 
or migration. There was also a greater number of leukocytes in 
the interdental papilla area and an absence in the retromolar 
area. No significant difference was found in the mitotic 
activity of the interdental papilla between day and night rats. 
Halberg et al. (1954) in a similar investigation reported 
a morning high (sacrifice between 6:35-8:48 a.m.) and evening 
low (sacrifice between 9:21-11:56 p.m.) in the mitotic activity 
of the epidermis of the ear lobe, the retromolar epithelium, 
and the periodontal ligament of rats. A significant day-night 
difference was not seen in the interdental papilla. 
Hirt (1955) investigated mitotic activity in the intermolar 
papillae. of rats. He found a topographic distribution of 1,601 
mitoses in 60 intermolar papilla of 30 male rats at 5 months of 
age. Mitotic figures were found in the oral epithelium as well 
as in the epithelial attachment, but only exceptionally at the 
~ 14 
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junction of these two areas. In the downward proliferating 
epithelial attachment, cell division was observed in close 
contact with the cementum surface. However, mitoses were al-
most never present in the layers adjacent to the enamel sur-
face. 
Meyer (1956) studied the attached gingiva in the human 
male and recorded a mitotic index of 0.98 in the 25-35 year old 
group as compared to 0.56 in the 50-78 year old group. Specimen 
were collected from 2-4 p.m •• 
Muhlemann et al. (1956) also investigated cyclic mitotic 
activity in the oral epithelium, thyroid gland, adrenal cortex, 
and the duodenal epithelium of 32 male albino rats. Sixteen 
rats were sacrificed between 7 and 7:30 a.m. (day rats) and 
16 were sacrificed between 9:30 and 10 p.m. (night rats). The 
day rats showed more mitoses in the oral epithelium and the 
thyroid than the night rats. In the adrenal cortex the night 
rats showed a higher mitotic activity than the day rats. 
Mitotic activity was not significantly different in the crypts 
of the duodenal mucous membrane between the groups. There was 
no correlation of mitotic activity in the tissues examined. 
Silberkweit (1963) studied inflammed gingiva and found a 
mitotic index of 0.514 in boys age 5 to 13 and 0.575 in girls 
age 5 to 13. 
Krajewski (1963) obtained biopsy specimens from 24 female 
subjects ranging i~ age from 20 to 35 and 15 days from onset of 
',I 
'I 
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menstruation. The specimens were taken from the attached 
g1ng1va in areas which appeared to be clinically free from in-
flammation. The extent of the area studied covered the attached 
and marginal gingiva of two teeth. All biopsies were obtained 
from 2 p.m. to 4 p.m. under infiltration anesthesia. The 
mitotic index of attached gingiva was determined to be from 0.12 
to 1.48. Cells in mitosis were found in the basal cell layer 
and in the deeper layers of the stratum spinosum. 
Trott and Gorenstein (1963) completed an investigation in 
which the mitotic activity of the oral tissue proximating the ra 
molar and incisor teeth was studied. The animals were separated 
into 4 groups and sacrificed 6 hours after injection with 
colchicine. The colchicine was administered at 10 a.m., 4 p.m., 
4 a.m., and 10 p.m •• The epithelial cuff showed a daily 
mitotic rate of 9.5% with a high in mitotic activity between 
10 a.m. and 4 p.m. and a low in mitotic activity between 4 p.m. 
and 10 p.m •• The epithelium of the hard palate revealed a 
. 
mitotic rate of 6.2% with cell division being highest between 
4 and 10 a.m. and lowest between 4 and 10 p.m •• The crestal 
gingiva showed a mitotic rate of 4.6%, with a high proliferative 
activity between 10 a.m. and 4 p.m. and a low between 10 p.m. 
and 4 a.m •• The attached gingiva also showed an increase in 
proliferative activity between 10 a.m. and 4 p.m. and a decrease 
between 10 p.m. and 4 a.m., its mitotic rate being 2.J%. Mitoti 
rhythmicity also occurred in the cheek with a high between 4 
,I 
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and 10 p.~. The crevicular epithelium was the only tissue not 
showing a mitotic rhythmicity. 
Kiely (1964) studied mitotic activity in the labial loop 
of the rat incisor treated with cortisone. The animals were 
given colchicine at 7 a.m., 1 p.m., 7 p.m., and 1 a.m. and 
sacrificed three hours later. The controls as well as cortisone 
treated animals showed more mitotic activity at 7 a.m. and 1 p.m. 
than 7 p.m. and 1 a.m. 
Chiba (1965) investigated the mitotic activity in para-
sagi ttal sections of the incisor of 35 rats ranging from birth 
to 76 days of age. The animals were all sacrificed between 
8 and 10 a.m. Cells of the internal enamel epithelium and the 
stratum intermedium exhibited active proliferative capacity. 
Mitoses were also observed in the cells lying between the in-
ternal enamel epithelium and the stratum intermedium, and in 
the preodontoblastic layer. Few mitoses were noted in the 
stellate reticulum or the external enamel epithelium. In 
general, mitotic activity in the internal enamel epithelium 
was greater in young animals. In animals of the same age, in 
the internal enamel epithelium, mitotic activity was greater 
in the maxillary than in the mandibular incisors. 
Hwang and Tonna (1965) studied the proliferative potential 
of the cellular components of mouse incisors and the migration 
rate of ameloblasts. Forty-eight female mice were given single 
subcutaneous injections of tritiated thymidine and sacrificed 
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at various intervals ranging from 1 hour to 24 days. 
preameloblasts, preodontoblasts, and cells of the periodontal 
membrane and pulp were labeled 1 hour after thymidine admini-
stration. The preameloblasts constituted the largest popula-
tion of labeled cells followed closely by the preodontoblasts. 
The average migration rate of ameloblasts was 365 microns/day. 
Nine days after maturation labeled ameloblasts showed signs of 
degeneration. The average daily eruption rate of the incisor 
was also grossly measured to be 338 microns/day which correlated 
with the microscopically determined migration rate of the pre-
ameloblasts. 
Chiba (1966) studied mitotic rate and duration using a 
colchicine technique. Fifty-eight rats 5 weeks old were used. 
One group of 40 was injected subcutaneously with colcemid, a 
derivative of colchicine, in a dose of 0.1 mg/gm. They were 
killed in groups at intervals of 0.5, 1, 2, 3, and 4, and 6 
hours after inj~ction. Each group consisted of 4 to 10 rats. A 
second group of 8 rats were injected with 0.2 mg of Colcemide pe 
gm of body weight and were killed in 2 groups of 4, at 1 and 
4 hours after the drug administration. Ten rats were used as 
controls. The mitotic rate in the internal enamel epithelium 
of the maxillary incisor was found to be 2.33% of cells dividing 
per hour, and the mitotic duration was 39 minutes, Regional 
differences were found in mitotic rates but not in mitotic 
duration. Mitotic activity was low at the basal end of the 
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proliferative region, increased gradually in the incisal direc-
tion, remained steady for several segments and then decreased. 
These tendencies were found in both the control and experimental 
groups. 
Irons and Schaffer (1966) sacrificed separate groups of 
animals at 4 hour intervals. Five zoneR near the molar teeth 
were outlined for study and counting of cells. Zone a included 
the epithelial attachment; zone B extended coronally from the 
• 
epithelial attachment to the free gingival margin and was re-
ferred to as crevicular epithelium: zone C comprised the area of 
gingival surface epithelium opposite Zones A and B; zone D was 
the adjacent epithelium of the alveolar mucosa; and zone E 
included the retromolar mucosa. For each animal and from each 
zone one thousand epithelial nuclei were counted and the total 
number of mitotic figures were recorded separately for each 
animal and zone. The relative abudance of inflammatory cells 
in the zone of the epithelial attachment was noted, Very few 
inflammatory cells were found in the other zones. Statistically 
significant changes along a 24 hour scale were found in mitotic 
counts in the retromolar epithelium, alveolar mucosa, and ging-
1val epithelium. However, no statistical variation in circadian 
mitotic activity could be demonstrated in the crevicular epith-
elium and the epithelial attachment between the groups of rats. 
The mitotic activity appeared greatest at 8 a.m. in all zones; 
while showing the least activity at 4 a.m. in the gingival 
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epithelium, at 4 p.m. in the alveolar mucosa; and at 8 p.m. 
in the retromolar mucosa. A statistically significant circadian 
rhythm was observed for inflammatory cells in the epithelial 
attachment, however, it could not be decided whether the rhythmic 
pattern of inflammatory cells entailed a corresponding change 
in the overall counts. 
Kiely (196?) also completed a very extensive investigation 
in which the mitotic activity of the rat maxillary incisor was 
studied, The animals were divided into groups of 32 and JO rats 
each and these two groups were subdivided into four groups. 
Beginning at 7 a.m., 1 p.m., 7 p.m., and 1 a.m. the subgrouped 
animals were given a single injection of 0.5 mg or 1 mg of 
cortisone. The control animals received injections of an equal 
volume of normal saline. At six hours after the injections, 
all animals were given a single injection of colchicine and 
sacrificed three hours later. Four layers of the labial loop 
area of the maxillary incisor were studied for the presence of 
mitotic figures. These layers were the stratum intermedium, 
the preameloblastic layer, the preodontoblastic layer, and the 
adjacent pulp tissue. The number of mitoses of both groups 
of treated rats (0.5 and 1 mg) was significantly greater at 
7 a.m., 7 p.m. and 1 a.m. than that of the controls. No effect 
was seen at 1 p.m. with either dosage. A diurnal mitotic cycle 
was evident in both experimental and control animals. In those 
receiving 0.5 mg of cortisone, mitotic activity was observed to 
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be signi~icantly higher at 7 p.m. and 1 a.m. than 7 a.m. and 
1 p.m •• Control animals revealed the same cyclic activity. 
In animals injected with 1 mg more mitoses were seen at 7 a.m. 
and 7 p.m. than at 1 p.m. or 1 a.m., whereas the cycle in con-
trols showed significantly more activity at 1 p.m. and 1 a.m. 
than 7 a.m. and 7 p.m •• In another phase of the investigation, 
in which cortisone treated and nontreated bilaterally adrenal-
3 
ectomized and normal animals were injected with H-thymidine at 
7 a.m., 1 p.m., 7 p.m. and 1 a.m., a circadian rhythmicity in 
regard to DNA synthesis was observed. Cortisone treated adrene-
ctomized animals showed more tritium labeled cells at 7 p.m. 
and 1 a.m. than at 7 a.m. and 1 p.m. while the untreated adrenal 
ectomized and control rats showed more of these cells at 1 p.m. 
and 7 p.m ••. 
MATERIALS AND METHODS 
Ninety-five female, albino rats (Sprague-Dawley strain) 
32 days old employed in this study were permitted to acclimate 
to the animal quarters for a period of 18 days. During this 
time the animals •··ere not disturbed except for a period twice 
weekly (Monday and Friday) between 12 noon and 1 p.m., for 
feeding, watering, and cage cleaning. This procedure was hand-
led by the same two individuals following the same routine each 
time with a minimum of disturbance. The rats were housed in 
identical cages with two animals per cage. The temperature of 
0 
the room was maintained in the range of 24-30 c., and the room 
was maintained in constant light from 7 a.m. to 7 p.m. and in 
constant dark from 7 p.m. to 7 a.m •• The diet consisted of 
Rockland laboratory mouse/rat diet and tap water/ ad libitum. 
At the end of 18 days, starting at 8 a.m., 4 animals were 
taken from their quarters, given an intraperitoneal injection 
of Pentothal Sodium: Abbott, weighed, and sacrificed by de-
capitation. This same procedure was followed with sacrifice 
occuring every hour on the hour for a 24 hour period with the 
minor exception of the 17th hour (12 midnight) when only J 
animals were sacrificed. The average weight of the animals 
was 161.6 gm with weights ranging from 139-199 gm. 
Immediately following decapitation, the skulls were 
split mid-sagittally, then both right and left maxillary 
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incisors were recovered and immediately fixed for 1 month in 
a neutral 10% formalin solution containing 1% calcium chloride 
and saturated with calcium carbonate. The solution was changed 
once per week, The teeth were then decalcified in a formic 
acid-sodium citrate solution for a one week period with frequent 
changes of solution. They were then washed, dehydrated, em-
bedded in paraffin under vacuum, sectioned sagittally at 5 
micron, and stained with Harris hematoxylin and eosin. 
Mitotic counts were then made on four cell layers of the 
labial (cervical) loop of the incisor, These layers were the 
stratum intermedium, preameloblast, preodontoblast, and the 
adjacent pulp cells. For the stratum intermedium, preamelo-. 
blast, and preodontoblast layers each layer was counted separa-
tely starting basally and continuing coronally to the area of 
pre-dentin formation; that is, where mitosis has ceased, (see 
figures J, 4, and 5). The pulp cells were counted in the same 
manner except a micrometer disk containing an etched square 
.was used to deliniate or standardize a field of 0.12 mm by 0.04 
mm. Using the outer edge of the preodontoblast cell layer as a 
baseline only pulp cells that fell within the standardized field 
were considered. The disk was inserted into the ocular (lOX) of 
a binocular Zeiss microscope. A 40X objective was used for the 
cell counts. Four mid-sagittal or para-midsagittal sections 
were counted for each incisor, and adjacent sections were not 
counted in order to avoid duplication. All observations were 
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made by the same person. 
Determination of the overall presence or absence of a 
circadian rhythm was made by calculating a regression coefficient 
and plotting a regression line for each cell layer as well as 
the combined cell layers (Batson, 1956). The fit of the actual 
data to the regression line was then tested by means of an ana-
lysis of variance procedure. The mean, standard deviation, and 
standard error were calculated for each cell layer per time 
period and for the combined cell layers per time period. The 
Wilcoxon rank test was used to determine the level of signif i-
canoe between the time periods within the individual and combinec 
cell layers (Diem, 1962). The Student 11 t 11 test was utilized to 
determine the degree of significance of the total mean number of 
mitoses between the day and night periods (Batson, 1954). 
~~· --------------------------~--
RESULTS 
After plotting a regression line and calculating the fit 
of the data of each cell layer and the combined cell layers to 
each of these regression lines, it was found that the data of 
all cell layers did not follow a straight line. Therefore, it 
was concluded that each layer followed a curve thereby pointing 
to the probable existence of a circadian rhythm. 
A. Preameloblast Layer 
As shown in Table 1 and Graph 1, the cells of this layer 
revealed four distinct high and four major low periods over the 
24 hours. The lowest average number of mitoses was seen at 8 
a.m. (2.69 ± 1.76)* with 3 p.m. (2.93 :!: 1.55) 9 p.m. (J.54 t 
1.39) and 1 a.m. (J.12 :!: 1.99) also revealing a significant 
reduction in the average number of dividing cells. The Wilcoxon 
rank test showed that no statistically significant difference 
existed (P) 0.10) between the mean values at these time periods 
thus indicating that they are 11 true lows" (see Table 7). Other 
periods were also found with low mitotic counts, but these times 
either just preceeded or just followed the periods mentioned 
above and therefore were not considered as true low points on 
the graph. Thus beg1nning with 8 a.m. the intervals between 
the four low periods were found to be 7, 6, 4 and 7 hours. 
*Mean number of mitoses per tissue section ± standard deviation 
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The high periods of mean mitotic figures in the preamelo-
blasts were found to be at 11 a.m. + (5.21 - 1.75), 7 p.m. (5.08 
+ + 1.70), 3 a.m. (5.00 - 1.89), and the highest at 11 p.m. (6.00 
+ 2.15). Again the Wilcoxon rank test revealed that these 
periods are "true highs" as no stgnificant difference (P > O .10) 
was found between the average values. Minor high points were, 
of course, present (some of which are the same as the minor lows} 
but these values were also either just preceeding or just follow 
ing the 11 true highs" (see Graph 1). As a result, beginning with 
11 a.m., the intervals between the four high periods were shown 
to be 8, 4, 4, and 8 hours. 
Between successive high and low periods as seen on the 
graph, the intervals were as follows beginning with 8 a.m.: 
3, 4, 4, 2, 2, 2, 2, and 5 hours. The Wilcoxon test revealed 
the important fact that all 0f the high values were significant-
ly different from all the low periods at the 5% or less level 
(see Table 7). Thus this statistically gives credance to the 
presence of a pronounced circadian rhythm in the preameloblast 
cell layer. 
B. Stratum Intermedium 
+ Mitotic counts in this layer ranged from a low of 0.56 -
0,77 at 6 a.m. to a high of 2.45 ! 1.72 at 3 a.m. (see Table 2 
and Graph 1). Although other high periods were found at 8 a.m. 
(2,00: 1.80), and 11 p.m. (2.05 ~ 1,06) and other low periods 
+ + 
were found at 10 a.m. (0.92 - 0,76) and 2 a.m. (1.08 - 1,08), 
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the Wilcoxon test showed only a significant difference ( P <: 0. 01) 
between the highest and lowest period (see Table 7). The low 
+ period found at 5 a.m. (0.64 - 0.72) was not considered as a 
1ow point because it was decreasing to the low at 6 a.m •• The 
time period in sequence starting with the 6 a.m. low to the J 
a.m. high and back was 21, and J hours. 
Although this layer tends to show little deviation statis-
tically, the fact that it iR curvilinear and that there are high 
and low periods indicates circadian rhythmicity is present. 
c. Preodontoblast Layer 
This cell layer showed the least amount of deviation than 
any other cell layer as indicated by the 1.40 range between the 
high and low values (see Table J). Like the stratum interroedium 
the Wilcoxon test revealed only a significant difference (P(O.Ol 
between the highest point at 8 n.m. (2.08 ± 0.8J) and the lowest 
point at J p.m. (0.68 ± 0.66) (see Table 7). Starting at the 
low point, proceeding to the high point then returning to the 
low point the interval was 5, and 19 hours. The preodontoblast 
cell layer can be said to exhibit a circadian rhythm because of 
its curvilinear relationship. 
D. Pulp 
The range between the high and low periods in the pulp was 
the same as that found in the stratum intermedium i.e. 1.89, 
although the overall activity was somewhat higher. The pulp 
revealed a high value of J.JJ ± 2.26 at noon and a low of 1.44 + 
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0.99 at 1 a.m. (see Table 4). In addition to the lowest period 
a.t 1 a.m. other low periods were found at 8 p.m. {1.54 ± 0.74) 
and 6 a.m. (1.56 ~ 1.41). Table 4 and Graph 1 also reveal a low 
period at 10 a.m •• This, however, seems to he part of a low 
cluster which extends from the 6 a.m. low to the high around 
. 
noon. The Wilcoxon rank test bears this out by showing no 
statistically significant difference {P) 0.10) between the mean 
mitotic count at 6 a.m. and the mean mitotic count at 10 a.m. 
(see Table 7). Thus the low periods are not significantly 
different at the 10% level and can be classified as 11 true lows". 
Thus, beginning at 6 a.m., the intervals between the 3 successivE 
low periods were 14 hours, 5 hour~, And 5 hours. 
High periods of mean mitotic activity were found at 11 p.m. 
(2.95 ± 1.69), 3 a.m. (2.70 t 1.58) with the highest at noon as 
previously mentioned (see Graph 1). The Wilcoxon rank test 
also revealed these periods to be 11 true highs" as no significant 
difference (P) 0 .10) was found between the average values. 
Beginning at noon, the time intervals between the 3 high periods 
were 11, 4 and 9 hours. 
Between successive high and low periods beginning at 6 a.m. 
the interval was 6, 8, 3, 2, 2, and 3 hours (see Graph 1). The 
Wilcoxon test again revealed the important fact that all of the 
low periods were significantly different from all of the high 
periods at the 5% or less level. Therefore, this adds further 
evidence for the existence of a widespread circadian rhythm in 
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pulp. 
E· Combined Cell Layers 
As indicated in Table ~ and Graph 2, the mean mitotic 
counts of all cell layers show three distinct high periods and 
three distinct low periods over the 24 hours. The lowest averag 
mitotic cells was seen at 6 a.m. (6.61 ~ 2.68). The other two 
low points were found at 3 p.m. (7.21 ~ 3.78) and 1 a.m. (7.00 
+ 3.62). 
Another low periods exists at 10 a.m. (7.50 ± 3.23) but thi 
was considered part of a low cluster between the low at 6 a.m. 
and the high at 11 a.m •• The Wilcoxon test indicates this by 
showing no significant difference (P > 0 .10) between the mean 
mitotic count at 6 a.m. and 10 a.m •• Thus, the Wilcoxon test 
indicates that the low periods are indeed 11 true lows". There-
fore, beginning with 6 a.m. the intervals between the three low 
points are 9, 10 and 5 hours. 
The high periods of combined mean mitotic cells were found 
to be at 11 a.m. (11.25 ± 3.63), 3 a.m. (11.65 ~ 3.98) and the 
highest at 11 p.m. (12.55 ± 3.37). A Wilcoxon test between 
these periods showed no significance at the 10~ level thus 
indicating that 11 true highs" existed. The interval between the 
three high points starting at 11 a.m. were 12, 4 and 8 hours. 
Between successive high and low periods beginning at 6 a.m. 
the intervals were 5, 4, 8, 2, 2 and 3 hours. The Wilcoxon test 
revealed that all of the high values were significantly 
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different at the 5% or less level from all the low periods 
(see Table 7). Thus, evidence is presented for the existence 
of a strong circadian rhythm in the combined cell layers. 
F. Day-Night Comparisons 
As shown in Table 6, the results of a Student 11 t 11 test 
comparing the mean number of mitotic cellS of those found 
during the day (8 a.m. to 7 p.m.) with those found during the 
night (8 p.m. to 7 a.m.) revealed no significant difference in 
any cell layer or the combined layers (P) 0.10). The total 
number of rats observed during the day was 40 with the number of 
observations noted at 247. The total number of rats observed 
during the night was 41 with 244 observations. The mean mitotic 
rate during the day in the preameloblast layer was 4.11 ± 1.88 
as compared with 4.18 ± 2.04 at night. The day mean in the 
stratum intermedium was 1.45 ~ 1.18 while the night mean was 
i.35 ± 1.28. The preodontoblasts showed similar values as the 
+ stratum intermedium with a day mean of 1.25 - 0.87 and the night 
being 1.33 t 1.02. The pulp showed the greatest difference 
between mean values with that of the day being 2.32 t 1.57 and 
the night being 2.13 ± 1.39. The combined cell layers showed 
the least difference between mean values with the day being 
·+ 9.01 ± 3.61 and the night being 8.98 - 3.67. 
DISCUSSION 
Our study indicates the existence of a circadian pattern 
in the mitotic activity of the rat incisor, The fact that a 
rhythmicity is present is not so startling since many other 
investigators such as Simmons (1962), Timashksvich {1963) and 
Llanos and Piezzi (1963) have found rhythmicities in non dental 
tissue, and Hirt (1955), Trott and Gorenstein (1963) and Kiely 
(1967) among others have found cyclic patterns in dental tissue. 
our investigation, however, presents a number of findings which 
have not been previously reported, 
Analysis of the combined cell layers as revealed by Graph 2 
indicates some important aspects pertaining to the nature of 
the mitotic .rhythm, There appears to be a very active cyclic 
period starting with a high at 11 p.m. and ending with a low 
at 3 p.m. with a series of highs and lows interposed between the 
two. It is interesting to note that a similar pattern exists 
in the preameloblasts and pulp. In fact, the two high periods 
(11 p.m. and 3 a.m.) and the two low periods (1 a.m. and 6 a.m.) 
during the night time are the same for the pulp, preameloblasts 
and the combined. 
During the day time the combined cell layers show a high 
and low period which also corresponds closely to that found in 
the pulp and preameloblasts. There seems to be a cluster of high 
30 
31 
points in the preameloblasts from 11 a.m. to 1 p.m. correspond-
ing to the cluster found in the pulp and combined from 11 a.m. 
to noon. A low point at 3 p.m. is seen in all three. 
With the exception of the preameloblasts which show an 
additional high and low period between the common low at 3 p.m. 
and the common high at 11 p.m., there seems to be a relatively 
level pattern of mitotic activity during this 8 hour span. It 
is also noteworthy that even though this additional. high-low is 
found in the preameloblasts, the variation is less than during 
other high-low periods. 
When comparing the graphs of the stratum intermedium and 
preodontoblasts, there is a cluster of high points from 11 a~m. 
to noon in both layers corresponding to a high cluster found in 
the other cell layers. The highest point found in the stratum 
intermedium also corresponds to a high point found in the other 
layers i.e. 3 a.m •• Also the lowest point found in the preodon-
toblasts corresponds closely to low points in the preameloblast 
and the pulp i.e. 3 p.m •• 
It therefore seems evident that the rhythmical pattern of 
the combined cell layers is a manifestation of the pattern seen 
in the pulp and preameloblasts with the stratum intermedium and 
the preodontoblasts probably exerting some influence at the high 
cluster around noon and the high peak at 3 a.m. but more import-
antly not showing any opposite trend. This is understandable 
since the overall activity in the stratum intermedium and preo-
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dontoblasts is small in comparison to the other two cell layers. 
Just why there are similarities in mitotic activity of the 
stratum intermedium and preodontoblasts and between the pulp and 
preameloblasts is not readily apparent, For all apparent pur-
poses they should be dissimilar since their embryonic origins 
are not the same (i.e. pulp and preodontoblasts are mesenchymal 
while the stratum intermedium and preameloblasts are ectodermal 
in origin), and functionally the stratum intermedium may provide 
cells for the preameloblasts and both layers take part in amelo-
genisis. Moreover, the pulp gives rise to the preodontoblasts. 
Thus, it appears that similarities from a developmental or func-
tional point of view do not correspond with similarities fou~d 
in their circadian patterns. 
Although mitotic rhythmicity has been widely investigated 
we are unable to find any studies which evaluated mitotic acti-
vity of the rat incisor every hour over a 24 hour period, 
Henry (195?) was one of the first to study mitotic activity in 
oral tissue, He found a peak in activity of the buccal mucosa 
of rabbits at 1 p.m. and a low at 10 p.m. when he sacrificed 
four times at 8 a.m., 1 p.m., 10 p.m., and 2 a.m •• In our study 
the combined graph shows the same activity during 1 p.m. and 10 
p,m,, Of course the observed differences in results may be 
because different tissues were studied, But it is also pertinen1 
that our results indicate several high and low periods. Thl .. .s, 
if Henry's experiment were repeated using different times, 
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chances are that other high and low periods would be noted. 
Trott and Gore~stein (1963) also studied mitotic activity 
every 6 hours in tissue surrounding the molar and incisor teeth 
of rats. They found high activity between 10 a.m. and 4 p.m. 
and low activity between 10 p.m. and 4 a.m •• The combined cell 
layers in our study indicates both a high and low period between 
10 a.m. and 4 p.m. and between 10 p.m. and 4 a.m •• Thus, altho-
ugh the tissues studied are different, it is also plausible that 
these observations made every 6 hours no not provide sufficient 
information for a complete evaluation of circadian changes. 
Irons and Schaffer (1966) studied mitotic activity every 
four hours in the tissue surrounding molar teeth of rats. They 
found high mitotic activity at 8 a.m. with lows at 4 a.m., 4 p.m. 
and 8 p.m •• Our results indicate a low at 8 a.m. with almost 
identical medium periods at the other times. However, if our 
res•_llts were examined every four hours beginning at 11 a.m. then 
two low periods would be seen at 3 p.m. and 7 a.m. with 3 high 
periods seen at 11 a.m., 11 p.m. and 3 a.m •• Thus a completely 
different picture is obtained depending on which four hour per-
iod is used. 
Kiely (1967) observed a diurnal mitotic cycle in the 
proliferative loop of the rat incisor in both cortisone treated 
and control animals. Control a'-:imals in the first group revealec 
a higher mitotic activity at 7 p.m. and 1 a.m. than 7 a.m. and 
1 p.m. while the second control group revealed a higher mitotic 
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activity at 1 p.m. and 1 a,m. than 7 a.m. and 7 p.m •• The 
results of our study revealed higher activity at 7 p.m. and 1 
p.m. than 1 a.m. and 7 a.m •• Thus at least part of the time our 
results are similar to those Kiely found. Perhaps the differ-
ences could be due to environmental factors. 
An important f i~ding revealed in our study showed no sig-
nificant difference existed in mitotic activity between the day 
and night values. This seems to bP- somewhat contradictory to 
the results reported by others. Muhlemann (1954) found a low 
mitotic rate in 15 rats which were sacrificed between 9 p.m. and 
midnight and a high mitotic rate in 15 rats which were sacrificec 
from 6 to 9 a.m •• During the same period in the combined layers 
of our study, a high point was found from 9 p.m. to midnight and 
a low period from 6 to 9 a.m •• Although Muhlemann studied a 
different tissue (retromolar tissue) than we did, the question 
can still be raised as to whether or not a day hi~h and a night 
low would have been found if Muhlemann had sacrificed his ani-
mals during different time periods. In this study if readings 
were taken from 8 to 10 a.m. a low period would be seen, but if 
readings were take~ from 11 a.m. to noon a hig~ period would 
exist. ThP ssme holds true for the night time. Readings from 
1 a.m. to 2 a.m. would indicate a low while readings around 11 
p.m. or J a.m. would indi~ate a high. Therefore, our study 
indicates that high or low mitotic activity can not be accuratel~ 
related to day or night based on few periods studied. 
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Alov {1963) found that a reversal of the light-dark cycle 
led to a complete reversal of the 24 hour periodicity of. mitosis. 
He examined epithelial tissue from the tongue at 8 a.m. and 8 
p.m. and found high mitotic activity at 8 a.m. in the normal 
light-dark pattern. If our data is examined at these time peri-
ods, we find higher activity at 8 p.m. than 8 a.m. in thP. comb-
1ned layer. Moreover, examination of our data at other 12 hour 
intervals reveals a different pattern. Therefore, relating 
mitotic activity to light-dark cycles does not seem justifiable 
when only two observation are made. 
The importance of a day-night difference in mitotic activit 
has been stressed by the previously mention investigators be-
cause this points up the fact that as the activity of the animal 
increases {which presumably is at night in the rat) mitotic rate 
decreases. Bullough (1948) brought attention to this theory whe 
he correlated spontaneous bodily activity of mice throughout a 
24 hour peroid with the ear epidermal mitotic activity examined 
every two hours. He concluded that mitotic activity increases 
in resting animals and decreases in active animals. He noted 
that a great deal of variation existed, but he did find maximum 
mitotic activity at 6 a.m. and 2 p.m. with minimum activity at 
10 a.m. and 8 p.m •• These results do not entirely coincide with 
ours since we found low periods at 10 a.m. and 8 p.m. as well as 
6 a.m. and 2 p.m •• We did, however, find as Bullough did, that 
a great deal of variation existed. The reason for the differen-
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ce between the two studies could be due to the fact that we 
examined different tissues. In addition, samplings every two 
hours still may not provide total information since the graph 
of the combined layers shows differences only one hour apart. 
we find a low point at 10 a.m. and a high point at 11 a.m. with 
a low point at 2 a.m. and a high point at 3 a.m •• 
In another paper Bullough (1961) discusses factors related 
to the activity of an animal which may cause a decrease in the 
mitotic activity. He maintains that adrenalin and, to a lesser 
extent, glucocorticoids depress mitotic activity. Thus, mitotic 
rates decrease when an animal is active and secreting adrenalin. 
The results from our study are not contradictory to this theory 
since we found low mitotic activity at times during the night 
and high activity at times during the day. But if in fact an 
increase in activity causes a decrease in mitoses, then why do 
we find in our study high periods during the night and low per-
iods during the day; and more importantly, whey do we find no 
statistical difference in mitotic activity between the day and 
night? The answer, from examining our data, would appear to be 
that the rat is not necessarily totally quiescent during the day 
and entirely active during the night. The rat in fact may be 
active some of the night and some of the day. Our results as 
indicated by the graph of the combined layers tends to support 
this idea. 
Bullough (1961) also concluded that many hormones such as 
I 
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growth hormone, androgens, thyroxin, and insulin tend to cause 
an increase in mitotic activity in the rat. Thus, he concludes 
that mitotic stimulators and inhibitors interact to produce a 
variation in mitotic activity. If this is true, then it seems 
plausible to expect a variation in mitotic activity when the 
animal is active. For example an active animal may be under 
stress causing an increase of adrenalin flow and a decrease in 
mitotic activity while another active animal could be in a non-
stressful situation resulting in a decrease in adrenalin secre-
tion and an increase in mitoses. 
At the same time metabolic needs could arise in an active 
stressless animal requiring a rise in thyroxin and insulin le-
vels leading to an increase in mitotic activity. Thus, there is 
a good possibility that when an animal is active, high and low 
periods of mitotic activity could exist. Also it follows that 
when the animal is quiescent the mitotic activity would remain 
stable and show little fluctuation since the hormonal factors 
causing the variation i~ cell division would be relatively sta-
ble. Our results tend to support this idea. During both the 
day and night the mitotic activity of the combined cell layers 
fluctuates from high periods to low periods within a few hours. 
However, in an 8 hour period from J p.m. to 11 p.m. there is 
little variation in mitotic activity. Therefore, if changes in 
mitotic activity are related to activity of the animal, then our 
results show the animal to be active during most of the day and 
L 
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night and quiescent during an 8 hour period from late afternoon 
to early evening. 
Another possible explanation for the wide variation in 
mitotic activity found during most of the 24 hour period may be 
due to the nature of the tissues examined. When the rat is 
active the continuously growing incisor functions intensly 
during mastication and gnawing and probably relatively little 
at other times. Kiely (1967) found that cortisone caused an 
increase in mitotic activity in the proliferative loop of the 
rat incisor while Bullough found that this hormone decreased 
mitotic activity in the epidermis. Therefore it is logical to 
assume that in addition to hormones and other influences, the 
unique function of the rat incisor may play an important role in 
determining.its overall circadian pattern. 
This investigation revealed a number of findings which are 
of significance. Of paramount importance is the finding of the 
existence of a circadian rhythm in +he periapical tissues of 
the rat incisor which was established by--making observations 
every hour over a 24 hour period. Also of importance is the 
finding that no day-night difference existed in mitotic activity. 
The important observation that a circadian rhythm exists 
could reinforce the cell proliferation theory of tooth eruption 
as advanced by Sicher (1942), Massler (1941), Herzberg (1941), 
and others especially if this mitotic rhythmicity were able to 
39 
be correlated to changes in tooth eruption. Further studies, 
therefore, to establish if an increase in tooth eruption corres-
ponds to an increase in mitotic activity might be made. 
If 
SUMMARY AND CONCLUSION 
The following is a summarization of this investigation: 
1. Mitotic activity was studied in the proliferative 
loop of the rat maxillary incisor every hour over 
a 24 hour period. 
2. Mitotic counts were made on the preameloblasts, 
preodontoblasts, and the stratum intermedium of 
the labial loop and the adjacent pulp. 
). Statistical methods showed that significant high 
and low periods were present in each cell layer 
and the combined cell layers. 
4. Statistical methods also ~howed that there was no 
significant difference in mitotic activity between 
the day and the night periods for all cell layers. 
5. The rhythmic pattern of the preameloblasts showed 
a great deal of variation with four high periods 
at 11 a.m., 7 p.m., 11 p.m. and 3 a.m. and four 
low periods at 8 a.m., 3 p.m., 9 p.m., and 1 a.m •• 
6. The rhythmic pattern of the stratum intermedium 
showed little statistical variation with only one 
significant high at 3 a.m. and one significant low 
at 6 a.m •• 
7. The pattern of rhythmicity in the preodontoblasts 
40 
is similar to that of the stratum intermedium in 
that only one significant high at 8 p.m. and one 
significant low at 3 p.m. was found. 
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8. The rhythmicity of the pulp parallels that of the 
preameloblasts to a large extent with high periods 
occuring at noon, 11 p.m., and J a.m. and low periods 
occuring at 6 a.m., 8 p.m., and 1 a.m •• 
9. The rhythmicity of the combined cell layers is a 
manifestation of patterns found in the pulp and pre-
amelo blasts with highs seen at 11 a.m., 11 p.m., and 
3 a.m. and lows seen at 6 a.m., J p.m., and 1 a.m •• 
The following is concluded from this investigation: 
1. A circadian rhythm exists in the periapical tissue 
of the rat maxillary incisor and a truccircadian 
rhythm can only be established if observations are 
made every hour over a 24 hour period. 
2. No difference exists in mitotic activity in the 
periapical tissue of the rat incisor during the 
day as compared with the night. 
J. On the basis of our data it is postulated that the 
rat is active during both the day and the night; and 
during these periods of activity there is a great 
deal of variation in the mitotic activity, while 
during the quiescent period mitotic activity does 
not fluctuate to any great degree. 
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TABLE 1 
SUMMARY OF DATA OF THE PREAMELOBLAST LAYER IN THE 
LABIAL LOOP OF THE RAT MAXILLARY INCISOR 
No. No. 1 2 Time Rats Obs. Mean s.D. 
8 a.rn. 3 16 2.69 1.76 
9 a .m. 3 20 3.85 1.49 
10 a .m. 2 12 3.83 1.81 
11 a .m. 4 28 5.11 1.76 
Noon 3 18 4.J8 1.86 
1 p.m. 4 27 4.89 1.70 
2 p ,rn • 2 10 3.20 2,lJ 
3 p.m. 4 28 2.93 1.55 
• 
4 p .rn • 4 28 3,93 1.77 
5 p .rn • 4 20 4,30 0.90 
6 p.m. 4 28 4.39 1.97 
7 p.m. J 12 5,08 1.70 
Range4 3,31 
lNumber of Mitoses Per Tissue Section 
2standard Deviation 
3standard Error 
4tt1ghest Mean Value Minus Lowest Mean Value 
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S.E. 3 
o.44 
0.33 
0.52 
0.33 
o.44 
0.33 
0.67 
0.29 
0.33 
0.20 
o.44 
o.49 
I 
I 
~ 
Ti~e 
8 p.:rn. 
9 p.m. 
10 p.m. 
11 p.m. 
fi]idnight 
1 a• rn • 
? a.n. 
J a• rr. • 
4 a.m. 
5 a.m. 
6 a.m. 
7 a.m. 
No. 
Rats. 
J 
4 
4 
4 
J 
2 
Li-
J 
4 
4 
4-
2 
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Table 1 {cont.) 
No. 
Obs. ~r,ean S.D. S.E. 
13 4.JB 2.24 0.62 
26 J.54 l.J9 0.27 
19 4.26 2.07 o.47 
22 6.oo 2.15 o.46 
19 4.42 1.76 0.40 
16 J.12 1.99 0.50 
24 J.92 1.99 o.41 
20 5.00 1.89 o.4o 
2J L~. 69 2.37 0.49 
28 3.61 1.45 0.27 
23 J.52 1.72 0.36 
11 3.54 1.37 o.41 
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TABLE 2 
SUMMARY OF DATA OF THE STRATUM INTERMEDIUM IN THE 
LABIAL LOOP OF THE RAT MAXILLARY INCISOR 
No. No. 
Mean1 2 3 Time Rats Obs. s.n. S.E. 
8 a.m. J 16 2.00 1.80 o.45 
9 a.m. 3 20 1.65 2.40 0.54 
t 
10 a .m. 2 12 0.92 0.76 0.22 
11 a.m. 4 28 1.67 1.28 0.24 
Noon J 18 1.61 0.82 0.19 
1 p.m. 4 27 1.15 1.08 0.21 
2 p.m. 2 10 1.10 0.94 0.30 
3 p.m. 4 28 1.50 1.32 0.25 
4 p.m. 4 28 1.29 0.75 0.14 
I 5 p.m. 4 20 1.45 1.07 0.24 
I 6,p.m. 4 28 1.39 1.23 0.28 7 p.m. 3 12 1.42 0.95 0.27 
t 
I Range4 1.89 
\ 
lNumber of Mitoses Per Tissue Section 
2standard Deviation I 3standard Error 
4ttighest Mean Value Minus Lowest Mean Value 
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Table 2 (cont.) 
No. No. 
Time Rats Obs. Mean S.D. S. E;. 
8 p • rn • J 13 l.Jl 0.81 0.22 
9 p.m. 4 26 1.62 1.00 0.20 
10 p.m. J.i. 19 1.40 1.09 0.25 
,, 
r 
11 p.m. 4 22 2.05 1.06 0.23 
' 
,, rHdnight 3 19 1.68 2.08 0.48 1 '. 1 a.m. 2 16 1.31 1.31 0.33 
'f 2 a.m. 4 24 1.08 1.08 0.22 3 a.m. 3 20 2.45 1.72 0.38 ~ 4 a.m. 4 23 1.17 1.01 0.21 ' . 
I ~' 5 a.m. 4 28 o.64 0.72 0.14 
' 
6 a.m. 4 23 0.56 0.77 0.16 
7 a.m. 2 11 1.18 0.72 0.22 
t
I 
1 
~ 
I 
t 
f 
i 
~ ~:: 
II ~ .. 
't ::\ r:. ,. I«, ~,~' 
1. 
~ 
t 
I 
I 
I 
t 
t 
;.,~ 
TABLE 3 
SUMMARY OF DATA OF THE PREODONTOBLAST LAYER IN THE 
LABIAL LOOP OF THE RAT MAXILLARY INCISOR 
No. No. 1 2 Time Rats Obs. Mean S.D. S.E. 
8 a.m. 3 16 1.12 0.78 0.20 
9 a.m. 3 20 0.90 0.83 0.18 
10 a.m. 2 12 1.17 1.07 0.31 
11 a.m. 4 28 i.57 1.08 0.20 
Noon 3 18 1.72 1.28 0.30 
1 p.m. 4 27 0.85 0.85 0.16 
2 p.m. 2 10 0.90 0.54 0.17 
·3 p.m. 4 28 o.68 o.66 0.12 
4 p.m. 4 28 i.50 1.15 0.22 
5 p.m. 4 20 l.JO 1.14 0.25 
6 p.m. 4 28 0.96 0.91 0.20 
7 p.m. 3 12 0.92 o.64 0.18 
Range4 1.40 
1Number of Mitoses Per Tissue Section 
2standard Deviation 
3standard Error 
4Highest Mean Value Minus Lowest Mean Value 
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Table 3 (Cont.) 
No. No. 
,, Time Rats Obs. ri:ean S.D. S.E. ~:·. . 
l 8 p.m. 3 13 2.08 0.83 0.23 9 p.m. 4 26 1.38 1.08 0 .21 
I 10 p.m. 4 19 1.40 0.81 0.18 
I 11 p.m. 4 22 1.55 1.12 0.24 Midnight 3 19 1.58 1.04 0.24 
I 1 a.m. 2 16 1.12 0.93 0.23 
f 
2 a .rn. 4 24 1.21 0.95 0.19 
3 3 20 1.50 0.92 0.20 I 
a.m. 
4 a.m. 4 23 1.26 0.99 0.21 
I 5 a.m. 4 28 1.11 1.14 0.22 6 4 23 0.96 0.95 0.20 
' 
a. rn. 
7 a.m. 2 11 1.09 0.67 0.20 
1 
I 
I 
~ 
~ 
f 
! 
t 
l 
r 
L 
TABLE 4 
SUMMARY OF DATA OF THE PULP IN THE LABIAL LOOP OF 
THE RAT MAXILLARY INCISOR 
No. No. 
Mean1 2 Time Rats Obs. S .D. S.E. 
8 a.m. 3 16 2.00 1.00 0.25 
9 a.m. 3 20 2.05 1.07 0.24 
10 a.m. 2 12 1.58 0.76 0.22 
11 a.m. 4 28 2.89 1.14 0.22 
Noon 3 18 3.33 2.26 0.53 
1 p.m. 4 27 2.18 1.36 0.26 
2 p.m. 2 10 2.90 2.50 0.79 
3 p.m. 4 28 2.11 1.95 0.37 
4 p.m. 4 28 1.89 . 1.21 0.23 
5 p.m. 4 20 2.45 0.87 0.19 
6 p.m. 4 28 2.29 1.44 0.32 
7 p.m. 3 12 2.17 1.07 0.31 
Range 4 1.89 
lNumber of Mitoses Per Tissue Section 
2standard Deviation 
3standard Error 
4Highest Mean Value Minus Lowest Mean Value 
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Table 4 (cont.) 
No. No. 
Time Rats Obs. Mean S.D. S.E. 
8 p.m. 3 13 1.54 0.74 0.20 
9 p.m. 4 26 2.54 1.60 0.31 
10 p.m. L} 19 2.79 1.51 0.35 
11 p.m. 4 22 2.95 1.69 0.36 
Midnight 3 19 2.16 0.99 0.23 
1 a.m. 2 16 1.44 0.99 0.25 
2 a.m. 4 24 1.79 1.08 . 0.22 
3 a.m. 3 20 2.70 1.58 0.35 
4 a.m. 4 23 1.87 o.89 0.18 
5 a.m. 4 28 1.96 1.24 0.23 
6 a.m. 4 23 1.56 1.41 0.29 
7 a.m. 2 11 1.82 0.83 0.25 
l 
l 
I 
TABLE 5 
SUMMARY OF DATA OF THE COMBINED CELL LAYERS IN THE 
LABIAL LOOP OF THE RAT MAXILLARY INCISOR 
No. No. 
Mean1 Time Rats Obs. 
8 a.m. 3 16 7.81 
9 a.m. 3 20 8.45 
10 a.m. 2 12 7.50 
11 a.m. 4 28 11.25 
Noon 3 18 11.06 
1 p.m. 4 27 9.07 
2 p.m. 2 10 8.10 
3 p .m. 4 28 7.21 
4 p .m • 4 28 8.61 
5 p.m • 4 20 9.50 
6 p.m. 4 28 9.04 
7 p.m. 3 12 9.58 
Range~ 5.94 
1Number of Mitoses Per Tissue Section 
2standard Deviation 
3standard Error 
s.D. 
3.61 
2.67 
J.23 
3.63 
4.58 
2.43 
5.20 
3.78 
3.64 
2.50 
2.89 
1.85 
4ttighest Mean Value Minus Lowest Mean Value 
2 S.E. 
0.90 
0.60 
0.93 
0.67 
1.08 
o.47 
1.64 
0.71 
0.69 
0.56 
0.65 
0.53 
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Table 5 (cont.) 
l No. No. Time Rats Obs. Mean S.D. S.E. 
I 8 p.rr.. 3 13 9.31 3.67 1,02 9 p.m. 4 26 9.08 2. 92 0.59 
I 10 p.m. 4 19 9.79 3,99 0.92 
I 11 p. rr.. 4 22 12.55 3,37 0.72 Midnight 3 19 9.84 2.49 0.50 
' 
1 a.m. 2 16 7.00 3.62 0.91 
' 
2 a.m. 4 24 8.oo 3.18 0.65 
1 
3 a.m. 3 20 11.65 3.98 o.89 
Lj. a.m. 4 23 9,00 3.23 0.67 
J 
5 a.m, l.j. 28 7. 32 2.69 0.51 
l 6 a.'11. LL 23 6.61 2.68 0.56 7 a.m. 2 11 7.64 2.35 0.71 
1 
t 
t 
' t 
I 
r 
TABLE 6 
A SUMMARY OF THE 11 t 11 TEST OF THE MEAN NUMBER OF 
MITOSES BETWEEN THE DAY AND NIGHT GROUPS IN THE 
LABIAL LOOP OF THE RAT 
No. No. 
CELL LAYER 
Preameloblast 
Dayl 
Night 2 
Stratum Inter-
Medium 
Day 
Night 
Preodontoblast 
Day 
Night 
Pulp 
Day 
Night 
Combined 
Day 
Night 
3per Tissue Section 
4standard Deviation 
Rats Obs. 
40 247 
41 244 
40 247 
41 244 
40 247 
41 244 
40 247 
41 244 
40 247 
41 244 
5probability 
MAXILLARY INCISOR 
Mean3 S .D. 4 II t II p5 
4.11 1.88 0.39 > 0.10 
4.18 2.04 
1.45 1.18 0,83 > 0.10 
1.35 1.28 
1.25 0,87 0.98 > 0.10 
1.33 1.02 
2.32 1.57 1.43 )0.10 
2.13 1.39 
9, 01 3.61 0.09 > 0.10 
8,98 3,67 
1Day - 8 a.m. to 7 p.m. 
2Night - 8 p.m. to 7 a.m. 
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TABLE 7 
Wilcoxon Rank Test 
Time Cell Layer Obs. Mean1 2 T3 p4 s.n. 1 
8 a.m. PA5 16 2.69 1.76 185.0 > 0.10 
7 a.m. PA 11 3.54 1.37 
8 a .m. PA 16 2.69 1.76 126.o (0.01 
9 a.m. PA 20 3.85 1.49 
7 p.m. PA 12 5 .08 1.70 169.5 )0.10 
11 p.m. PA 22 6.oo 2.15 
3 a.m. SI 6 20 2.45 1.72 271.5 > 0.10 
8 a.m. SI 16 2.00 1.80 
8 a.m. SI 16 2.00 1.80 114.5 > 0.10 
2 p.m. SI 10 1.10 0.94 
6 a.m. SI 23 0.56 0.77 220.5 )0.05 
2 p.m. SI 10 1.10 0.94 
10 a.m. SI 12 0.92 0.76 143.5 > o. 05 
8 a.m. SI 16 2.00 1.80 
10 a.m. SI 12 0.92 . 0.76 253.5 )0.10 
6 a.m. SI 23 0.56 0.77 
3 a.m. SI 20 2.45 1.72 305.5 (0.01 
6 a.m. SI 23 0.56 0.77 
3 p.m. 7 28 o.68 o.66 415.0 (0.01 p .o. 
8 p.m. p .o. 13 2.08 0.83 
9 a.rn. p .o. 20 0.90 0.83 416.0 > 0.05 
Noon p .o. 18 1.72 1.28 
6 a.m. p .o. 23 0.96 0,95 513.5 >0.05 
3 a.m. P.O. 20 1.50 0.92 
3 p.m. p .o. 28 o.68 o.66 489.0 )0.05 
Noon p .o. 18 1.72 1.28 
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Table 7 (cont.) 
Time Cell Layer Obs. Mean s .n. Tl 
4 p 
3 a.m. p8 20 2.70 1.58 144.5 <0.05 
10 a.m. p 12 1.58 0.76 
10 a.m. p 12 1.58 0.76 241.5 >0.05 
9 a.m. p 20 2.05 1.07 
3 a.m. p 20 2.70 1.58 370.0 >0.10 
Noon p 18 3,33 2.56 
8 p.m. p 13 1.54 0.74 125.0 > 0.10 
10 a,m. p 12 1.58 0.76 
Noon c9 18 11.06 4.58 142.0 > 0.05 
I 10 a.m. c 12 7.50 3,23 Noon c 18 11.06 4.58 321.5 > 0.10 
I 11 p.m. c 22 12.55 3.37 10 a.m. c 12 7.50 3,23 245.0 > 0.10 
' 
6 a.m. .C 23 6.61 2.68 
6 a.m. c 23 6 .61. 2.68 365 < 0.01 
11 a.m. c 28 11.25 3,63 
I 3 p.m. c 28 7.21 3,78 573 < 0.05 11 a.m. c 28 11.25 3,63 
I 
I 1Mean Number of Mitoses Per Tissue Section 2standard Deviation 
I 3Total Rank Assignments 
\ 4Probabil1ty 5preameloblast 
6stratum Intermedium 8Pulp 
7preodontoblast 9combined Cell Layers 
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PLATE 1 
Figure 1. Line graph showing the average number 
of mitotic figures observed every hour 
over a 24 hour period in individual cell 
layers of the labial loop of the maxillary 
incisors of young, female rats. 
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PLATE 2 
Figure 2. Line graph showing the average number 
of mitotic figures observed every hour 
over a 24 hour period in the combined 
cell layers of the labial loop of 
maxillary incisors in young, female rats. 
59 
Cl> 
... 
Cb 
~ 
c 
~ 
_J ~ 
~ -
-Cb 
u 
'"C 
Cl> 
c 
.Q 
E 
0 
u 
..... ..., ..... 
I I I I I 
v (\J 0 CX> 
uo":>as anss,. Jad saso.,w ·ou 
«> 
uoaw 
. 
:! 
:! 
CD 0.: 
z 
. 
o~ 
- <l 
~ 
c 
'"C 
..... 
0 
Cl> 
... 
~ 
0 
:c 
Figure 3. 
60 
PLATE 3 
A low power view of a sagittal section of a 
maxillary incisor showing the basal loop in 
a young , female rat. (xJO) The circumscribed 
area at the basal end is shown under higher 
magnification in Figure 4. 
Figure 4. The labial loop of a maxillary incisor. 
(x200) 
Abbreviations: PA Preameloblast Cell Layer 
SI Stratum Intermedium 
PO - Preodontoblast Cell Laye 
P Pulp 
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PLATE 4 
Figure 5. A high power view of a portion of the 
labial loop of a maxillary incisor of 
' 61 
a young, female rat. (x400) Note the 
mitotic figures as indicated by the arrows. 
Abbreviations: 
PA - Preameloblast Cell Layer 
SI - Stratum Intermedium 
PO - Preodontoblast Cell Layer 
P - Pulp 
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